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IRECTLY OBSERVED treatm e n t , s h o r t -c o u r s e ( D O T S ) , t h e W o r l d
Health Organization (WHO) strategy for global tuberculosis (TB) control, has been demonstrated to cure more than 80% of patients and is one of the most significant public health advances of this decade. 1 A crucial component of the strategy is the provision for the administration to all smearpositive cases of a standardized antibiotic regimen that includes rifampin. However, the impact of anti-TB drug resistance on the outcome of standardized antibiotic therapy in developing countries is largely unknown. The importance of this is underscored by a recent global surveillance project that demonstrated that drug-resistant strains of Mycobacterium tuberculosis were globally ubiquitous, and in several countries, so common as to potentially threaten control programs. 2 The Orizaba Health Jurisdiction in southern Mexico has a well-established DOTS-based TB control program, but circumstantial evidence suggested that there were high rates of drug resistance. 3, 4 To better understand the consequences of drug resistance in such settings, we conducted a study of the epidemiology, clinical outcome, and relative transmissibility of drugresistant TB using conventional and molecular epidemiologic methods.
RESULTS
A total of 2525 persons with chronic cough were studied, 284 (11.2%) of whom had microscopically detected AFB and were enrolled in the study. the study subjects; the sputa from 31 failed to grow any organisms, 10 were not cultured, 3 were contaminated with other organisms, and 2 grew Mycobacterium fortuitum. Drug susceptibility results were obtained for 232 of these subjects.
To better understand the demographic characteristics of TB in this region, we compared the 232 patients with the general population. As shown in Table 1 , patients with TB were more likely to be old and male and to have lower socioeconomic status and urban residence. In comparison with the 52 patients with AFBpositive smears and negative culture results, the 232 patients with complete microbiologic data were more likely to have more than 10 bacilli per oil immersion field (81/232 vs 6/52; P = .001), to have cavitary infiltrates (59/202 vs 4/43; P = .007), to be of indigenous origin (31/ 230 vs 15/51; P = .005), and to live in homes with earthen floors (41/225 vs 15/49; P = .05).
Detailed drug susceptibility results of the 232 subjects for whom data were available are shown in Table 2 . One hundred sixty-six (71.6%) had TB that was susceptible to all drugs, and 66 (28.4%) were resistant to at least one antimicrobial agent. Of these patients with resistance, 53 (22.8%) had resistance to isoniazid, 29 (12.5%) had resistance to rifampin, and 25 (10.8%) had resistance to at least isoniazid and rifampin (2 had resistance to isoniazid and rifampin, 23 had resistance to isoniazid, rifampin, and other drugs). The above-mentioned categories of resistance are not exclusive.
Multivariate analysis revealed an independent association between drug resistance and previous treatment ( From January 1, 1996, to February 28, 1998 , 256 cases of AFB-positive pulmonary TB were reported to the TB registry among those persons living in the study area. This study recruited 219 (86%) of these patients during this period.
Of the 232 patients, 230 received DOTS, and 2 patients received self-administered treatment. The clinical outcome at the time treatment should have been completed was known for all 232 patients ( Table 3) . Of these, 173 (75%) were cured (of whom 149 [64%] were bacteriologically confirmed as cured) therapy failed in 22 (9%); 10 (4%) died; the treatment was suspended for 3 (1%) because of adverse drug reactions; and 6 (3%) were transferred to another region. Eighteen patients (8%) abandoned treatment;
PATIENTS AND METHODS
The study area is a predominantly urban region in southern Mexico that includes 134 square kilometers with 278 837 inhabitants. 4 Tuberculosis control in this region is provided in accordance with the policies of Mexico's National Tuberculosis Program, including passive case finding, acid-fast bacilli (AFB) smear-based diagnosis, and fixedcombination medications provided free of charge under direct observation. 5 A retrospective review of treatment control cards from 1991 to 1994 demonstrated that 77% of patients successfully completed therapy. 3 Since January 1996, all patients diagnosed with TB by the health care system were registered in the TB registry of the local Program of Prevention and Control of Tuberculosis. Previously untreated patients were given isoniazid, rifampin, and pyrazinamide for 2 months, followed by an additional 4 months of isoniazid and rifampin. Patients with TB who had previously been treated for TB (retreatment cases) were also prescribed ethambutol or streptomycin.
From March 1, 1995 , to February 28, 1998 , all persons identified by the health care system as having cough that persisted for 2 or more weeks were contacted by study personnel. After January 1996, the register of patients with TB was reviewed periodically to identify patients with pulmonary TB who might have been missed by recruiters. Three sputum samples were collected from each person, and unconcentrated Ziehl-Neelsen stains were examined microscopically for the presence of AFB. Patients with sputum that was AFB smear-positive were offered participation in this study. Those who signed an informed consent form to participate underwent a structured interview, physical examination, human immunodeficiency virus (HIV) testing, and chest radiography. Patients were referred to the appropriate health care organization for therapy. In addition, each person was visited in his or her home to determine the physical characteristics of his or her living quarters and to identify household contacts with persistent cough. This study was approved by the appropriate institutional review boards.
Information on therapeutic response was obtained by a review of treatment control cards at the completion of therapy. Outcomes were coded according to the definitions stipulated by the National Tuberculosis Program and as described previously. 3 Briefly, cure was defined as the resolution of signs and symptoms at the completion of therapy (the cure was considered bacteriologically confirmed if, concurrently, 2 or more AFB smear or culture results were negative). Patients with positive AFB smear or culture results at the fifth month of treatment were considered to be treatment failures. Patients who died included those whose deaths were the result of any cause during or after therapy. Relapse was defined as the reappearance of bacilli in sputa after cure. Data about relapse and death were collected by revisiting patients' homes during the months of June 1997 and June 1998. Socioeconomic level was defined based on the characteristics of the household. Lower socioeconomic level was defined as having a household with earthen floors and 3 or more persons sleeping in the same room. Information about patients who died was corroborated by review of death certificates. the median duration of treatment for these patients was 96.8 days (SD, 78.3). Failure occurred in 3 (2%) of 166 patients with fully susceptible strains, 5 (12%) of 41 patients with drug-resistant strains that did not include resistance to isoniazid and rifampin, and 14 (56%) of 25 patients with multi-drug-resistant TB. Outcomes were more favorable for new cases than for retreated cases. Unadjusted analysis showed that retreated cases had a higher probability of therapy failure than new cases (OR, 11.1 [95% CI, 4.1-29.7]; PϽ.001).
Patients were observed for a median of 24.4 months after initiation of treatment. Only one patient was lost to follow-up during this time. Twenty-one patients died subsequent to the completion of treatment. Therefore, there were 31 deaths during or after treatment during the study period (31/231 [13.4%]). Four patients were diagnosed with relapsed TB after being cured at the end of treatment. Cultures were obtained at the time of relapse from 2 patients and showed fully susceptible TB.
Variables analyzed for their association with failure or death included those previously described, as well as duration of symptoms prior to diagnosis, time elapsed between diagnosis and initiation of treatment, time elapsed between diagnosis and sputum-smear conversion, radiographic extent of disease, symptoms and signs (cough, hemoptysis, fever, sweats, weight loss, general malaise), associated diseases, weight and height, number of bacilli visualized microscopically, compliance with treatment, and clustering. The variables found to be independently associated with treatment failure were resistance to isoniazid and rifampin, other resistance, primary education or less, hemoptysis, and time elapsed for sputum conversion ( Table 4) .
Mortality during or after therapy was significantly greater for patients with drug-resistant TB. Death occurred in 17 patients (10%) with fully susceptible TB (3 of whom were HIV seropositive). Seven patients (17%) with resistance that did not include isoniazid and rifampin died during follow-up (2 of whom were HIV seropositive), whereas 7 patients (28%) with multi-drug-resistant TB died (none of whom was HIV seropositive).
Cox adjusted relative risks showed that multidrug resistance ranked third after HIV infection and radiologic findings as an independent predictor of mortality (Table 4 ). The estimated survival of HIV-negative patients according to drug resistance is shown in the Figure. Patients with multi-drug-resistant TB had a significantly poorer prognosis than patients with fully susceptible strains or with other resistant strains (P = .03).
Restriction fragment length polymorphism analysis was carried out on isolates from 188 (81%) of 232 culture-confirmed patients. Sixty-eight patients (36%) Mycobacterial culture, identification, and susceptibility testing were performed on sputa from each enrolled patient. In brief, unconcentrated sputum was inoculated onto Lowenstein-Jensen media (DIFCO, Mexico City, Mexico) in the local laboratory, and the remaining sputum was frozen at −70°C. The tubes were examined on a weekly basis until growth was detected. Cultures were reported as negative if there was no growth after 8 weeks. Cultures with visible growth were forwarded to the Department of Mycobacteriology at the Instituto Nacional de Diagnóstico y Referencia Epidemioló gicos, Mexico City, Mexico (March 1995 to December 1997), or to the Mycobacteriology Laboratory of the Instituto Nacional de la Nutrició n, Mexico City, Mexico (January to March 1998), for definitive biochemical identification at the species level. 6 The frozen sputum sample was processed if the first inoculated sample was contaminated or had no growth. Identification and drug susceptibility tests were carried out using the conventional and BACTEC (Becton-Dickinson, Cockeysville, Md) systems.
Mycobacteria isolated from study patients were genotyped at Stanford University, Stanford, Calif, from March 1995 to February 1997, the Instituto Nacional de la Nutrició n from March 1997 to February 1998, and the Instituto Nacional de Diagnóstico y Referencia Epidemiólogi-cos from January 1997 to February 1998, using the internationally standardized IS6110-based restriction fragment length polymorphism (RFLP) technique and compared using a computer-assisted visual approach. 7, 8 Patients with identical DNA fingerprints were grouped into clusters, and epidemiological links were investigated using standard methods as previously described. 4 Categorical variables were compared using 2 test and normally distributed continuous variables with the t test. Sociodemographic data were compared with data from the 1990 census. Data for 1996 were expanded from the 1990 census according to the method recommended by the Instituto Nacional de Estadistica, Geografia, e Informatica (INEGI). 9 Bivariate and multivariate logistic regression analyses were used to determine factors associated with drug resistance, treatment failure, and clustering; 95% confidence intervals (CIs) were calculated around odds ratio (OR) determinations. Drug resistance was classified as follows: fully susceptible strains, strains resistant to at least 1 drug (including resistance to isoniazid and rifampin), multi-drugresistant strains (resistant to at least isoniazid and rifampin), and other resistance profiles (strains resistant to any drug or combination of drugs except joint resistance to isoniazid and rifampin). For multivariate analysis, variables were initially included if their respective bivariate analyses yielded PϽ.2 or if they were considered to be biologically relevant. Pairwise interaction terms were not statistically significant in the multivariate analysis. The goodness of fit of the models was assessed by the 2 had an isolate of M tuberculosis that had a DNA fingerprint identical to that of at least one other case. Twenty clusters were identified and investigated. The size of each cluster is described in Table 5 . Multivariate analysis showed that patients with multi-drugresistant TB were significantly less likely to be in clusters, whereas clustering was associated with pleural effusion, primary education or less, and cavitary disease ( Table 6) .
COMMENT
It has been amply demonstrated that a well-implemented DOTS-based TB control program is associated with decreased rates of TB and protects against the emergence of drug resistance. [10] [11] [12] [13] [14] [15] However, there are limited data on the outcome of administering a standard regimen containing rifampin to all patients in regions where drug resistance is already problematic. Data are even more limited about the relative propensity of drug-resistant and susceptible strains to spread and cause disease in communities. In this study, we have used conventional and molecular techniques to demonstrate that, in the context of a well-functioning DOTS program, drug-resistant TB has a profoundly adverse impact on treatment outcome, even though multi-drug-resistant strains may have a decreased propensity to spread and cause disease.
Both the strengths and weaknesses of this study arise from having collected data in only a single health jurisdiction where TB is managed according to the policy of Mexico's National Tuberculosis Control Program. The intensity of scrutiny possible in such a small area permits a detailed description of the realities of implementing these policies in this jurisdiction; however, the results may not be generalizable to other regions. Even with such scrutiny, it is difficult to precisely define the cause of death; thus, we analyzed risk factors associated with all-cause mortality (as has been recommended by the WHO). 16 In addition, we only treated patients whose sputum was AFB smear positive, and thus the study is biased toward patients with a greater concentration of bacilli in their sputum and with more advanced disease. All 5 HIV-infected individuals died during follow-up, probably in part as a result of their HIV infection. However, the overall impact of HIV on the results of this study is likely to be small, since the rate of HIV infection in this region remains relatively low. Finally, treatment was initiated for most previously untreated patients with only 3 drugs, and outcome results may have been better with the addition of a fourth agent, as is currently recommended in other developing countries.
The high rates of drug-resistant TB detected by this prospective population-based surveillance project are comparable with the findings of other communitybased studies conducted in Mexico. [17] [18] [19] Our finding that nearly 1 in 3 patients in this region, which has a relatively good TB control program, harbors strains of M tuberculosis resistance to at least one drug is a cause for significant concern. Our observation that prior anti-TB therapy was the strongest risk factor for having drug-resistant TB supports the contention that the highest public health priority is administering DOTS to drug-susceptible patients. However, taken together these studies suggest that drug resistance must be specifically addressed by TB control policies.
Our evaluation of the magnitude of drug resistance in this area may be biased, since we only studied smear-positive patients. The important role of patients with smear-negative TB in the transmission of the disease has been proven. 20 In one study conducted in Mexico, 21 paucibacillary cases had a significantly greater rate of isoniazid resistance than smear-positive cases (20% vs 6%; P = .02); thus, AFB-smear-based detection would grossly underestimate the actual rates of drug resistance.
The most disturbing results of the study are the poor clinical outcomes of persons with drug-resistant TB who were treated with standardized therapy. Patients who were infected with a strain of M tuberculosis that was susceptible to all drugs had only a 2% chance of treatment failure. However, this rate increased to 29% if their isolate was resistant to any drug and to 56% if the resistance included both isoniazid and rifampin. Similarly, mortality increased dramatically in these same groups (10%, 21%, and 28%, respectively). Furthermore, drug resistance was independently associated with these poor outcomes in multivariate analysis. The relative ability of drug-susceptible and drugresistant strains to spread and cause disease has been the subject of intense debate and speculation. Although animal studies suggest that certain drugresistant strains have a diminished capacity to cause disease, epidemiologic studies in human populations have shown that rates of infection and disease are comparable among contacts with both susceptible and drug-resistant TB. 22, 23 The acceptance of clustering as a proxy for the transmission and rapid progression of TB provides a new opportunity to examine this issue. Our molecular epidemiologic data suggest that drugresistant strains of M tuberculosis may have a diminished capacity to spread and cause disease. However, alternate interpretations must be excluded before this presumption can be stated with certainty.
Acceptable cure rates for drug-resistant TB are achievable in developed and developing countries with individualized antibiotic regimens tailored to the patient's mycobacterial antibiotic susceptibility results. 24, 25 This approach requires specialized laboratory, clinical, and pharmaceutical resources, which are unavailable in most developing countries. Consequently, the majority of the world's drugresistant TB cases are treated with standardized regimens. In this study we demonstrate that even when a standardized regimen was administered under direct observation by a well-functioning control program, therapy failed in 29% of patients with drug-resistant TB and 21% died. If confirmed in other settings, this implies that although the widespread implementation of DOTS is likely to be essential for TB control, in regions with high rates of drug resistance, it may not be sufficient. The estimated survival of human immunodeficiency virus-negative patients according to drug resistance ( PϽ.01). 
